Objective: To evaluate the effects of once-daily valbenazine (40 or 80 mg/d) in older and younger adults with tardive dyskinesia (TD).
| INTRODUCTION
As the US population ages, the prevalence of serious mental illnesses (SMIs) is rising. Since SMIs can reduce life expectancy by 10 to 20 years, 1,2 standard cutoffs used to define "elderly" in healthy populations (ie, 60 or 65 years) may not be applicable to patients with an SMI. Moreover, treatment of SMIs with an antipsychotic may result in tardive dyskinesia (TD), an often persistent movement disorder characterized by involuntary movements in the face, trunk, and/or extremities. [3] [4] [5] Older patients are at higher risk for TD than younger patients, even when they are treated with lower doses or a shorter duration. [6] [7] [8] In studies of first-generation antipsychotics, the estimated cumulative incidence of TD in older patients was approximately 25%
after 1 year of exposure and 55% to 60% after 3 years of exposure. 8, 9 TD is associated with greater psychiatric symptom severity, lower likelihood of improved psychopathology, more severe motor side effects, cognitive difficulties, and decreased quality of life. [10] [11] [12] [13] TD can also cause balance and respiratory problems that may be particularly worrisome in the older population, 14, 15 as well as depression or feelings of embarrassment that contribute to social isolation. 14, 16 Given the wide use of antipsychotic agents in older patients for psychiatric and behavioral reasons, 17 more research is needed to determine best practices for treating TD in older patients.
Valbenazine is a novel vesicular monoamine transporter 2 (VMAT2) inhibitor approved for treating TD in adults, with no required dose adjustments for age. 18 In pharmacokinetic studies of healthy volunteers, valbenazine was rapidly absorbed and slowly eliminated, allowing for once-daily dosing; no observed differences in mean plasma concentrations, peak serum concentrations, or overall exposure were found between older and younger participants. 19, 20 The effects of valbenazine on TD were evaluated in several double-blind, placebo-controlled (DBPC) trials (KINECT [NCT01688037], KINECT 2 [NCT01733121] , and KINECT 3 [NCT02274558]), [21] [22] [23] a blinded extension study (KINECT 3), 24 and a long-term open-label study (KINECT 4 [NCT02405091] ). 25 Data from these studies were analyzed post hoc to evaluate TD response, psychiatric symptoms and suicidality, and safety/tolerability in older (age 55 years or older) and younger (aged younger than 55 years) individuals with antipsychotic-related TD.
| METHODS

| Study designs, pooling, and age subgroups
Three DBPC studies and two long-term studies were included for analyses ( Figure S1 ). Methods and results of the individual studies are published [21] [22] [23] [24] [25] ; eligibility criteria are summarized in the Supporting Information. Study protocols were approved by institutional review boards, and all patients provided written informed consent.
Valbenazine treatment in the DBPC studies was as follows:
KINECT (50 or 100 mg/d for 2 weeks, 50 mg/d for 4 weeks); KINECT 2 (25 to 75 mg/d for 6 weeks, escalated in 25-mg/d increments every 2 weeks on the basis of response and tolerability); KINECT 3 (40 or 80 mg/d for 6 weeks). Valbenazine treatment in the long-term studies was as follows: KINECT 
Key points
• Compared with younger adults, older patients treated with an antipsychotic have a greater risk for tardive dyskinesia, a persistent and potentially irreversible movement disorder that may contribute to poorer health, problems with balance and mobility, decreased quality of life, feelings of depression or embarrassment, and increased social isolation.
• In the double-blind, placebo-controlled, clinical studies, older participants (55 years or older, n = 249) had significantly greater improvements in tardive dyskinesia with once-daily valbenazine versus placebo over 6 weeks, with results that were comparable with younger participants (younger than 55 years, n = 178).
• Long-term studies (up to 48 weeks) indicated that older participants (n = 190) continued to demonstrate improvements in tardive dyskinesia, with generally good tolerability, no new safety concerns, and no apparent emergence of drug-induced parkinsonism.
Accounting for the shortened lifespan of patients with an SMI, 1, 2 subgroups in this analysis were defined by age as follows: older (55 years or older) and younger (younger than 55 years).
| Assessments
The effects of treatment were evaluated using the Abnormal Involun- The percentage of participants who met the AIMS threshold of response (greater than or equal to 50% total score improvement from baseline) was also analyzed. CGI-TD was scored by a site rater in all studies. CGI-TD analyses at weeks 6, 48, and 52 included mean score and the percentage of participants with an CGI-TD response (score of 1 ["very much improved"] or 2 ["much improved"]). For ECG, the Fridericia formula was used for heart-rate-corrected QT interval (QTcF = QT/RR 1/3 ; RR = interval from onset of one QRS complex to onset of the next QRS complex). 26 In DBPC participants with an elevated QTcF (greater than 450 milliseconds) at baseline, mean changes from baseline to week 6 in QTcF were analyzed.
Psychopathology assessments included
| Statistical analyses
Efficacy analyses were conducted in participants who received study drug and had available relevant assessments. For AIMS mean score change from baseline to week 6 and CGI-TD mean score at week 6, P values were based on linear contrasts from an analysis of covariance (ANCOVA) model, which included treatment, subgroup, treatment-bysubgroup interaction, and study as fixed effects and baseline AIMS total score as a covariate; treatment effect sizes were estimated using a Cohen's d calculation (least squares mean difference between each valbenazine treatment group and placebo, divided by the estimated common standard deviation). A mixed-model for repeated measures approach was not possible because of differences in trial designs (ie, no AIMS or CGI-TD assessment at week 4 in KINECT; no central rater AIMS at weeks 2 and 4 in KINECT 2) . For comparisons between subgroups (55 years or older versus younger than 55 years), P values were based on a treatment-by-subgroup interaction (pooled DBPC population) or two-sample t test (pooled long-term population).
For AIMS and CGI-TD response at week 6, P values were based on the Pearson chi-square test. Numbers needed to treat (NNTs) were also calculated (1 divided by the difference in response rates [valbenazine − placebo]), with lower NNTs indicating that fewer additional patients were needed for a response to be observed. Comparisons between subgroups (55 years or older versus younger than 55 years) were based on the Breslow-Day test for homogeneity (pooled DBPC population) or chi-square test (pooled long-term group).
No significance testing between valbenazine and placebo was conducted for any safety outcome. However, numbers needed to harm (NNHs) were calculated for TEAEs (1 divided by the difference in TEAE incidence [valbenazine − placebo]), with higher NNHs indicating that more additional patients were needed for a TEAE with valbenazine to be observed. Additionally, comparisons between subgroups (55 years or older versus younger than 55 years) were analyzed for any TEAE, TEAEs leading to discontinuation, and serious TEAEs using the Breslow-Day test for homogeneity (pooled DBPC population) or chi-square test (pooled long-term population).
| RESULTS
| Participants
The pooled DBPC safety population had more older participants (55 years or older, n = 249) than younger participants (younger than 55 years, n = 178) ( Table 1) . Mean ages (±standard deviation [SD]) in the older and younger subgroups were 62.4 ± 6.1 years (range, 55 to 84 years) and 46.6 ± 6.5 years (range, 26 to 54 years), respectively (all treatment groups combined). Baseline characteristics in each subgroup (55 years or older, younger than 55 years) indicated that the older subgroup had fewer men (56.2%, 60.1%), more white participants (61.8%, 48.9%), and greater TD severity (AIMS total score, mean ± SD: 9.3 ± 4.3, 8.9 ± 4.0). Older and younger subgroups were similar in terms of psychiatric diagnosis (schizophrenia: 73.1%, 73.6%), psychiatric symptomatology (Brief Psychiatric Rating Scale total score, mean ± SD: 30.4 ± 7.2, 31.1 ± 8.0), and recent history of suicidality (prior 3 months: 4.0%, 3.4%). Lifetime history of suicidality was lower in the older versus younger participants (35.3%, 43.8%) A majority of participants in both subgroups (55 years or older, younger than 55 years) reported a history of psychiatric disorders (69.5%, 62.9%), most commonly for insomnia (38.2%, 31.5%) and anxiety (28.1%, 22.5%) (Table S1 ). Medical histories reported by greater than or equal to 30% of both subgroups were metabolism/nutrition disorders (63.9%, 39.9%), vascular disorders (61.8%, 41.0%), gastrointestinal disorders (54.6%, 41.6%), musculoskeletal/connective tissue disorders (46.2%, 34.8%), and surgical/medical procedures (33.7%, 32.0%).
More than 80% of participants in both subgroups (55 years or older, younger than 55 years) were receiving one or more concomitant antipsychotic (81.5%, 88.2%), most commonly with quetiapine (21.7%, 25.3%) (Table S2 ). Other drug classes used concomitantly in greater than or equal to 30% of participants in both subgroups were antidepressants (65.9%, 57.3%), antiepileptics (31.3%, 33.7%), and anticholinergics (30.5%, 40.4%).
| TD effects
At week 6 in the pooled DBPC population, mean improvements in AIMS total score were significantly greater with valbenazine 80 mg/d versus placebo in both subgroups ( Figure 1A ). Older participants also had a significantly greater improvement with valbenazine 40 mg/d. In the pooled long-term population, both subgroups showed AIMS improvement at week 48, with some return to baseline levels at week 52 (after 4-week washout). No significant differences between subgroups were found at weeks 6, 48, or 52.
The percentage of participants who met the threshold for AIMS response at week 6 (greater than or equal to 50% improvement from baseline) was higher for valbenazine 80 mg/d versus placebo in older participants (39.7% vs 9.7%, P < .001; NNT = 4) and younger participants (39.5% vs 10.8%, P < .001; NNT = 4) ( Figure 1B ). AIMS response for valbenazine 40 mg/d versus placebo was significant in the older subgroup (28.6% vs 9.7%, P < .01; NNT = 6) but not the younger subgroup (20.0% vs 10.8%,P > .05). Response rates at week 48 with valbenazine (combined doses) were 70.7% and 58.7% in the older and younger subgroups, respectively. Response rates decreased after 4-week washout in both subgroups. No significant differences between subgroups were found at weeks 6, 48, or 52.
On the basis of CGI-TD at week 6 in the pooled DBPC population, TD improvement was significantly greater with valbenazine 80 mg/d versus placebo in both subgroups (Figure 2A ). Older participants also had significant improvement with valbenazine 40 mg/d. Mean CGI-TD scores for the pooled long-term population showed improvements in both subgroups at week 48, with a general loss of effect at week 52.
There were no significant differences between subgroups except for valbenazine 40 mg/d at week 48 (55 years or older, 2.0; younger than 55 years, 2.5; P < .05), which indicated greater clinician-rated global improvement in older participants.
At week 6, the percentage of participants with a CGI-TD response (score 2 or less) for valbenazine 80 mg/d versus placebo was significant in the older subgroup (41.3% vs 19.4%, P < .01; NNT = 5) and younger subgroup (39.5% vs 18.5%, P < .05; NNT = 5) ( Figure 2B ). CGI-TD response was significant for valbenazine 40 mg/d versus placebo in younger participants (35.3% vs 18.5%, P < .05; NNT = 6) but 
| Psychopathology
Mean changes from baseline to weeks 6, 48, and 52 in psychiatric scale scores were minimal and not clinically significant in older or younger participants ( Table 2 ; Table S3 ).
On the basis of available C-SSRS data, greater than 95% of the 
| Adverse events
During DBPC treatment, no significant differences between older and younger valbenazine-treated participants were found for any TEAE, TEAEs leading to discontinuation, or serious TEAEs (Table 3) .
Five participants had a TEAE leading to dose reduction from 80 to 40 mg/d (55 years or older, n = 2; younger than 55 years, n = 3).
No TEAE was reported in greater than or equal to 5% of all older valbenazine-treated participants; only somnolence (7.8%) and fatigue (6.8%) were reported in greater than or equal to 5% of all younger valbenazine-treated participants. In both subgroups, NNHs for TEAEs leading to discontinuation and serious TEAEs were greater than or equal to 20 or negative (ie, lower incidence with valbenazine vs placebo). No TEAE led to discontinuation in more than two valbenazine-treated participants in either subgroup. No serious TEAE was reported in more than one valbenazine-treated participant in either subgroup.
During long-term treatment, a significant difference between subgroups (55 years or older, younger than 55 years; P < .05) was found for any TEAE (76.8%, 63.2%), TEAE leading to discontinuation (18.9%, 9.6%), and serious TEAE (20.5%, 10.5%) (Table S4 ).
TEAEs reported in greater than or equal to 5% of all older participants were headache (10.0%), somnolence (8.9%), urinary tract infection (8.9%), dizziness (6.3%), fatigue (5.8%), suicidal ideation (5.8%), and nasopharyngitis (5.3%). TEAEs reported in greater than or equal to 5% of all younger participants were urinary tract infection (8.8%), headache (7.0%), fatigue (7.0%), somnolence (6.1%), vomiting (6.1%), suicidal ideation (5.3%), and dizziness (5.3%).
Four deaths occurred during the studies; none were related to treatment. Two occurred during DBPC treatment because of cardiopulmonary arrest (placebo) and possible cardiovascular event (valbenazine 80 mg/d). Two occurred during long-term treatment because of multiple causes (hyperkalemia, cardiac failure, hepatic failure, diabetes mellitus, metabolic acidosis, and pleural effusion) and breast cancer (both valbenazine 80 mg/d).
| Additional safety outcomes
No notable changes from baseline were found in BARS (akathisia) or SAS (parkinsonism) scores at weeks 6, 48, or 52 ( Table 4 , Table S5 ).
Supine vital signs and ECG parameters were also generally stable throughout the study ( Table 4 , Table S5 ). In DBPC participants who and behavior were reported, as might be expected given the lifetime history of suicidality in these study populations. However, valbenazine did not appear to worsen suicidal ideation or behavior in older or younger participants.
One concern when medicating older patients is the increased potential for adverse effects. In the DBPC studies, NNHs for discontinuation due to a TEAE and serious TEAE were similar between older and younger subgroups. An earlier analysis found that valbenazine was approximately 15 times more likely to result in a treatment response than in discontinuation due to a TEAE. 29 In the current analysis, the NNH for discontinuation due to a TEAE was −67 for valbenazine 80 mg/d in older participants, reflecting the lower incidence with valbenazine versus placebo (4.3% vs 5.8%). However, on the basis of the NNH for serious TEAE and the NNT for AIMS response, older participants who received valbenazine 80 mg/d had a risk/benefit ratio that indicated that this dose was approximately 17 times more likely to help than harm (NNH/NNT = 69/4 = 17.3). The risk/benefit ratio was lower for valbenazine 40 mg/d (NNH/NNT = 20/6 = 3.3). However, since the actual number of participants with a serious TEAE was low in all treatment groups (80 mg/d, n = 3; 40 mg/d, n = 6; placebo, n = 3), no strong conclusions can be drawn regarding the risk/benefit of 80 mg/d over 40 mg/d. Both doses showed a favorable NNH/NNT profile that was consistent with previous reports. 29 As is typical for clinical trials, the valbenazine studies required that patients be medically stable before enrollment. Stability appeared to be maintained, as indicated by the generally small mean changes in biological measures (body mass index, vital signs, and ECG) and movement scales (BARS and SAS) in both older and younger participants.
However, older patients in clinical trials can experience more adverse effects over time. In the long-term studies, the incidence of TEAEs was significantly higher in the older subgroup, possibly because of various age-associated factors such as changes in metabolism, multiple comorbidities, and chronic exposure to multiple medications including antipsychotics. 30, 31 However, no new TEAEs of clinical concern were found in the older subgroup, and no laboratory TEAE (liver enzyme increase, creatine phosphokinase increase, prolactin increase, glucose increase, and triglyceride increase) occurred in more than two older participants at any time during long-term treatment except for blood creatine increase (four participants) and gamma-glutamyltransferase increase (three participants). These results suggest that older patients taking valbenazine likely do not require additional physical monitoring beyond usual care for chronic medical conditions.
The main limitation of this analysis is its post hoc nature since none of the studies were specifically designed to evaluate the effects of valbenazine by age. Additionally, the older subgroup was relatively "young" (mean/median age, 62/61 years), and patients with significant or unstable medical illnesses were excluded. Finally, the valbenazine trials did not include functional measures, and more research is needed to understand the social and functional impact of TD on the lives of older patients. However, by characterizing the effects of valbenazine in older patients with an SMI, this analysis offers information that may be clinically applicable.
| CONCLUSION
In sum, valbenazine appears to have similar and clinically meaningful TD improvements in both older and younger patients, with no apparent additional safety concerns in older patients. The TD response of older adults to valbenazine was demonstrated with NNTs ranging from 4 to 10, depending on the dose and instrument for rating. This analysis indicates that valbenazine may be used to reduce TD symptoms in patients regardless of age while allowing the continuation of psychiatric/antipsychotic treatment.
